Purpose There are risks of common bile duct (CBD) stones in acute cholecystitis, and there is a move among surgeons to identify choledocholithiasis before surgery. Magnetic resonance cholangiopancreaticography (MRCP) has the potential to accurately detect choledocholithiasis in patients with acute cholecystitis. The aim of this study was to evaluate the predictive values of MRCP and elevated biochemical predictors for choledocholithiasis in patients with acute cholecystitis. Methods Between September 2006 and August 2008, of 84 patients with acute cholecystitis based on the diagnosis criteria of the Tokyo guidelines, 57 had MRCP preoperatively. The predictive values of six biochemical predictors for choledocholithiasis were also evaluated. Results Of the 57 patients, seven (12.28%) had choledocholithiasis, of whom three had CBD stones in nondilated ducts. The smallest stone detected in a dilated CBD and nondilated duct was 3.19 and 4.55 mm in diameter, respectively. None of our patients whose MRCP showed a clear CBD returned with symptomatic choledocholithiasis during the follow-up period. All biochemical predictors and CBD diameter had limited positive predictive values.
Introduction
Of patients undergoing cholecystectomy for cholelithiasis, 3-33% will also harbor common bile duct (CBD) stones [1, 2] , and the incidence of those with symptoms suggestive of choledocholithiasis will be even higher. Risk factors for choledocholithiasis are well recognized [3] , and there is a move among clinicians to identify CBD stones before surgery. The serum hepatobiliary biochemical index and findings on abdominal ultrasonography images have commonly been used to initially predict CBD stones [1] [2] [3] [4] [5] [6] . However, the biochemical predictive models may be affected by inflammatory gallstone disease due to abnormally elevated predictor levels secondary to acute transient hepatocellular injury [7] , thus disguising biliary obstruction owing to CBD stones. In addition, the low accuracy of ultrasonography in early extrahepatic obstruction [6, 8] limits its reliability in predicting the necessity for CBD exploration. Magnetic resonance cholangiopancreaticography (MRCP) is a noninvasive technique that has the potential to accurately evaluate choledocholithiasis in the preoperative acute calculous cholecystitis setting. Although MRCP is reportedly beginning to replace diagnostic endoscopic retrograde cholangiopancreatography (ERCP) for the early assessment of suspected biliary obstruction due to its comparable accuracy [9] , its cost-effectiveness is still under debate. In cases of acute cholecystitis, we routinely investigate biliary demographics preoperatively using medical imaging, mostly with MRCP. The aims of the study reported here were to evaluate the predictive value of elevated hepatobiliary biochemical predictors for CBD stones and the influence of the MRCP results on perioperative management.
Materials and methods
This study was conducted in an urban university teaching hospital that provides surgical services and primary, secondary, and tertiary care. Eighty-four patients diagnosed with acute cholecystitis based on the diagnostic criteria of the Tokyo guidelines for acute cholecystitis [10] between September 2006 and August 2008 were identified. In our department, all patients routinely undergo MRCP, abdominal computed tomography (CT), ERCP, or percutaneous transhepatic gallbladder drainage (PTGBD) tube-cholangiography preoperatively to demonstrate the complete biliary anatomy. The surveys of those who had only preoperative abdominal CT, ERCP and/or post-PTGBD tube-cholangiography were excluded from our study.
MRCP scans were performed on a Siemens 1.5T Magnetom Sonata scanner (Siemens, Munich, Germany) using a T2-weighted Turbo Spin Echo sequence acquired with a non-breath-hold in the coronal plane. On hospital admission, blood samples were collected for the laboratory analysis of serum hepatobiliary biochemical predictor levels prior to the MRCP. The abnormal cut-off levels were as follows: aspartate aminotransferase
, and gamma glutamyl transferase (GGT[49 U/L). The clinical definition of the presence/absence of CBD stones is based on the identification of CBD stones on the MRCP. Patients with CBD stones detected on the MR image were managed preoperatively with ERCP. The treatment choices were given by one surgeon who used consistent criteria for the assignment of patients to specific courses of treatment according to the Tokyo guidelines for biliary infection. Intraoperative ultrasonographic cholangiography was used to confirm the patient free of CBD stones. All patients were advised to consult the authors if they developed symptoms such as abdominal pain, fever, nausea, vomiting, anorexia, or jaundice. The ambulatory follow-up was conducted for at least 12 months All statistical analyses were performed with SPSS for Windows ver. 12.0 (SPSS, Chicago, IL). Test characteristics were determined for all clinical parameters (CBD size on the MR image, CBD size on the ultrasonographic image, serum hepatobiliary biochemistry examination), including sensitivity, specificity, likelihood ratio, prevalence, accuracy, positive predictive values, and negative predictive value for each potential parameter for CBD stones. The CBD diameter based on the MRCP was analyzed categorically using subjective assessments of enlargement and a cut-off value of [10 mm. The Fisher's exact test was used to determine the clinical variables associated with the presence of CBD stones. A p value of \0.05 was considered to be statistically significant. All significant factors from the univariate analysis were subsequently included in the multivariate analysis, which was carried out by logistic regression to determine the independent parameter.
Results
In this study, 57 MRCP examinations were performed prior to a cholecystectomy. All patients who underwent MRCP examinations were included in the analysis. The mean age of the patient cohort was 55.79 ± 14.66 (range 26.33-81.19) years, and 49.12% (n = 28) of the patients were women (Table 1) .
Of the 84 patients diagnosed with acute cholecystitis during the study period, 12 (14.28%) had CBD stones, and only eight of the latter had jaundice. Of the 57 enrolled participants (with MRCP examinations), jaundice was identified in three patients with CBD stones and in 21 patients without. Of the seven patients with stones detected by MR, one patients had all normal biochemical predictors; in comparison, 14 patients without 
MRCP findings
The MRCP results were positive for CBD stones in seven of the 57 patients (12.28%) (four with a single stone; three with multiple stones); six of these seven patients were [55 years of age. The stones ranged in maximum diameter from 3.19 to 9 mm (mean 6.47 mm), whereas the diameter of the bile ducts ranged from 5.07 to 21.05 mm (mean 9.07 mm). In three patients, the stones were located in a nondilated duct. The smallest stone detected with MRCP had a diameter of 3.19 mm and was located in a dilated extrahepatic bile duct (Fig. 1a, diameter 11 .53 mm). The smallest stone located in a nondilated duct (Fig. 1b , diameter 7.74 mm) was 4.55 mm in diameter. All seven patients with stones detected by MR were further proven and managed preoperatively with ERCP, which the absence of false positive; the overall specificity of MRCP was 100%. The possibility of CBD sludge or undetectable stones smaller than 3 mm is always taken into account. A false negative of such small debris may exist, but spontaneous evacuation of such debris can be expected and further postoperative follow-up is necessary. The fact that none of our patients whose MRCP showed a clear CBD returned with symptomatic CBD stones at the clinical follow-up 1 week and a year after discharge also demonstrated the overall high sensitivity of MRCP.
Description of clinical predictors
The frequency and mean serum levels of the different parameters are shown in Table 2 . Mean CBD diameters based on the MRCP findings were 12.55 (range 7.74-21.05) mm for patients with acute cholecystitis with choledocholithiasis and 8.59 (range 5.07-13.72) mm for patients without CBD stones. In 23% (n = 13) of our patients, the CBD could not be fully observed; in none of the patients were CBD stones directly identified based on transabdominal ultrasonography findings. The diameter of the ultrasonographically detected bile ducts ranged from 5 AST Aspartate aminotransferase, ALT alanine aminotransferase, TB total bilirubin, DB direct bilirubin, ALP alkaline phosphotase, GGT gamma glutamyl transferase, MR magnetic resonance cholangiopancreaticography, U/S transabdominal ultrasonography to 14 (mean 8) mm, with a mean bile duct diameter of 10.2 mm (n = 6) in choledocholithiasis patients and 7.6 mm (n = 39) in patients without CBD stones. Measurements of the diameter of the bile duct based on MRCP and transabdominal ultrasonography were found to be similar in terms of diagnostic accuracy in predicting CBD stones (Table 2) , with low sensitivities of 57% [95% confidence interval (CI) 20-94] and 50% (95% CI 10-90), respectively. Among the six biochemical predictors, ALT, GGT, and DB had the highest sensitivity at 86, 83, and 80%, respectively. The specificity was highest for AST (86%) and ALP (76%). All biochemical predictors had a limited positive predictive value, while ALT, ALP, and AST had the highest negative predictive value at 97% (95% CI 91-100), 95% (95% CI 88-100), and 93% (95% CI 86-100), respectively.
Accuracy of the clinical parameters Table 3 shows the analysis of the predictors of CBD stones. Both CBD diameter and elevated serum biochemical parameters were found to have only a limited positive predictive value for the presence of CBD stones. Among the six non-invasive biochemical markers evaluated in our study, the analysis of each predictor revealed that elevated AST, ALT, and ALP were statistically significant predictors. Multiple logistic regression analysis of these three predictors revealed that they were not jointly significant: AST, 
Follow-up of patients and prognosis
Patients were advised to consult us if they developed symptoms such as abdominal pain, fever, nausea, vomiting, anorexia, or jaundice, and the ambulatory follow-up was conducted for at least 12 months. However, only 96.49% (n = 55) of the 57 patients returned to the clinic for the 1-week postoperative follow-up, and only 43.86% (n = 25) returned for the 12-month follow-up. The mean period of postoperative follow-up was 9.09 months (range 5 days to 45.30 months). During the follow-up period, the following clinical symptoms were observed: surgical site infection (6 patients, 10.5%), umbilical hernia (1 patient, 1.7%), diarrhea (1 patient, 1.7%), and postoperative cholangitis (1 patient, 1.7%) that occurred 6 months postoperatively. In the latter case, the patient was admitted to hospital for 1 week where there was a good response to medical treatment. In the follow-up period, a retained CBD stone was found in one of the patients with CBD dilation 12 months postoperatively. The patient had had preoperative endoscopic stone removal following the identification of CBD stones by MR (MR CBD size 16.44 mm; multiple stones size of 3.09 and 8.50 mm, respectively), and all preoperative biochemical predictors were normal. As a result, postoperative ERCP was performed in only one case. 
Discussion
The probability of a patient having CBD stones should be stratified on the basis of clinical, biochemical, and radiological parameters into low and high risk groups for CBD stones, which can then dictate further work-up and management. However, the ''a priori'' probability of CBD stones is difficult to assign and, therefore, it is not easy to estimate the specific risk to an individual patient. Eighty-four patients diagnosed with acute cholecystitis were identified in this study according to the diagnostic criteria of the Tokyo guidelines for cholecystitis. Based on the strength and quality of the diagnostic evidence, all our reported patients with acute cholecystitis were admitted to the surgical service by the same surgeon in our hospital. A number of published studies have combined data from patients with acute cholecystitis with those having simple acute biliary colic. These are two different entities, with each having a different incidence of CBD stones; consequently, they should be discussed separately. In 2005, Peng et al. reported that of 243 acute biliary colic cases and 142 acute cholecystitis patients, all of whom had had a prior laparoscopic cholecystectomy, 7.7 and 16.5% had choledocholithiasis, respectively [11] . Nebiker et al. [12] also reported that patients with cholecystitis had a higher frequency of CBD stones (9.1%) than those without signs of acute inflammation (6.6%), which motivated us to analyze patients with acute calculous cholecystitis. The inflammatory process may also result in elevated serum biochemical predictor levels secondary to acute transient hepatocellular injury, thereby interfering with the accuracy by which serum biochemical predictors can be used to detect CBD stones [7] . Based on our limited number of patients, we found that patients testing positive for CBD stones in the biochemical tests did not necessarily present more severe clinical symptoms according to Tokyo guideline classification of severity.
Although serum biochemical predictors have been reported to be reliable for use as an initial screening modality, the specific biochemical predictors reported to be accurate and their cut-off levels vary from institution to institution [1] [2] [3] 5] . Our recommended time interval for a cholecystectomy is within 96 h after presentation of initial symptoms; consequently, blood samples are collected upon admission to enable the laboratory analysis of serum hepatobiliary biochemical predictor levels. The univariate analysis carried out in our study demonstrated that AST, ALT, and ALP are independent noninvasive predictors for the detection of CBD stones. In the final backward stepwise logistic regression model, ALT was found to be the only significant predictor. When all three predictors were entered into the model, the analysis revealed that the three predictors were not jointly significant statistically. In terms of cost-effectiveness, ALT is noted to be the most costeffective of probability markers of CBD stones, and the utility of all three predictors in the detection of CBD stones may carry a higher risk of overlooking CBD stones. As a result, no single predictor or combined markers have been found to be reliable enough to be used to include or exclude the presence of CBD stones.
All patients had preoperative transabdominal ultrasonography, which has been reported to be a reliable screening modality in terms of CBD stone detection. However, this technique often provides only limited or indirect CBD data and only rarely enables the direct inspection of CBD stones [8] . The CBD was undetectable in about 25% of our patients, and transabdominal ultrasonography was unable to directly identify CBD stones in any of our patients. Some reports emphasize that about one-third of CBD stones detected ultrasonographically occur in nondilated biliary systems [13, 14] , which can be easily missed [15] . Ultrasonography is also reported to be less sensitive for choledocholithiasis, with a sensitivity ranging from 12 to 55% [16] . However, CT is unlikely to provide more information than ultrasonography in choledocholithiasis [8] . Of the 57 patients testing negative for CBD stones, nine also had a preoperative CT that showed a mean CBD diameter of 10.21 mm (range 7.33-12.41 mm), which was relatively larger than the measurements calculated on the basis of MRCP measurements. In addition to the 57 patients who underwent a MRCP, other subjects were examined with different isolated investigative modalities, such as CT (n = 26), percutaneous cholangiography (PTC) (n = 19), and ERCP (n = 12); the data on these patients were excluded from this study-mainly because ERC and PTC are considered to be invasive techniques and limited to therapeutic purposes. It should be possible to predict CBD stones using noninvasive tests that avoid unnecessary and risky procedures. The accuracy of CT in diagnosing CBD stones remains a challenge, with a reported sensitivity varying from 50 to 90% [17, 18] , as only calcified stones can be visualized and cholesterol stones can have the same density as bile [19] .
MR imaging (MRI) was first applied in 1986 for the diagnosis of biliary disease, demonstrating only the anatomy of the dilated bile ducts and the location of an obstruction [20] . With advances in technology and the refinement of MR cholangiographic sequences, MRI has become a more reliable diagnostic tool for detecting CBD stones [21] , although the presence of CBD sludge or undetectable stones \3 mm in diameter remains unknown and the spontaneous passage of such small debris is possible [22, 23] . Not one patient whose MRCP showed a clear CBD returned with symptomatic CBD stones at the clinical follow-up 1 week and a year after discharge, which suggests a high negative predictive value for the MRCP and intraoperative ultrasonography. All cholecystectomized patients in this study were confirmed to be free of CBD stones by intraoperative ultrasonographic cholangiography. CBD stones were found in seven of the 57 patients (12.28%) (four with single stones; three with multiple stones). The stones ranged in diameter from 3.19 to 9.0 (mean 6.47 mm) mm, whereas the diameter of the bile ducts ranged from 5.07 to 21.05 mm (mean 9.07 mm). The patients with CBD stones had a wider MR bile duct mean diameter (12.55 mm) than those without CBD stones (8.59 mm). However, the location of the CBD stones in three patients was in a nondilated duct that could be missed by an over-dependence on the predictor of common duct diameters. The smallest stone detected with MRCP was 3.19 mm in diameter and was located in a dilated extrahepatic bile duct; the smallest stone detected in a nondilated duct was 4.55 mm in diameter. A prospective study of 265 patients by Fulcher et al. [24] showed a sensitivity of 100% and a specificity of 98-100%, with excellent resolution of MRCP for the detection of CBD stones: the calculi detected range from 2 to 20 mm in diameter (average diameter 9 mm).
MRCP is a reliable and noninvasive procedure for detecting or excluding the presence of CBD stones [25, 26] . It also has the potential to reduce the number of invasive preoperative diagnostic procedures [27, 28] and their associated risks and overall healthcare costs [29] . MRCP can also allow the surgeon to verify the state of the patient's biliary ductal demographic condition, and even in severe inflammation cases the cystic duct can be cannulated more confidently based on a more thorough understanding of a specific patient's characteristics preoperatively [12] . Severe inflammation is reported as one of the most important reasons for bile duct injury [30] , as the presence of inflammation in the acute setting may obscure the view of Calot's triangle.
Surgeons are usually more skilled in using an imaging modality to exclude the presence of CBD stones; however, an MRI is usually not recommended for this purpose due to economic considerations [12] . There is some evidence that MRCP is more accurate than a diagnostic ERCP, although the quality of these studies has been criticized [31] . As MRCP yields only static reconstructed images, our measurements of the size of the CBD based on MRI findings may be less accurate than those based on diagnostic ERCP findings. ERCP is still considered to be the 'gold standard' for the diagnosis of pancreatic and biliary ductal pathology [32] . In addition to medical considerations, we must also consider the costs, and although the costs of diagnostic modalities differ markedly by country and by healthcare system, transabdominal ultrasound and serum biochemical predictors are universally less expensive than MRCP.
Conclusion
Magnetic resonance cholangiopancreaticography is a reliable and noninvasive evaluation for the detection or exclusion of CBD stones. Rather than indicating a need for CBD exploration, MRCP is more useful in determining when not to explore and for avoiding retained CBD stones in small CBD. No single predictor or combined markers have been found to be the best evidence to include or exclude the presence of CBD stones if the stone is directly inspected by cholangiography.
